Background
Introduction
Upper tract urothelial carcinoma (UTUC) is a rare malignancy in western countries, comprising merely 5% of urothelial tumors [1, 2] . In contrast, it is more common in the Chinese population for several reasons, particularly the consumption of Chinese herbs containing aristolochic acid (AA) [1] . Prior studies in Taiwan have reported that UTUC accounts for 31% of all urinary tract urothelial carcinomas and is often complicated by chronic kidney disease (CKD) [3, 4] . Renal function in these patients becomes further impaired after radical nephroureterectomy (RNU). However, some patients with UTUC die from recurrence and distant metastasis even after RNU, which indicates that adjuvant therapy should be considered for this high-risk subset. In contrast, patients with low-risk disease may benefit from a more conservative treatment approach [5] . Recently, multiple postoperative parameters have been proposed for predicting prognosis, such as lymphovascular invasion, concomitant carcinoma in situ, tumor necrosis, and Snail and E-cadherin levels [5, 6] . Because of the decrease in renal function after RNU, neoadjuvant chemotherapy has been more frequently recommended than postoperative cisplatin-based chemotherapy in recent years, and this highlights the importance of simple and effective preoperative prognostic predictors.
Malnutrition and systemic inflammation promote tumor progression by destroying immune function and altering biological features of tumor cells, which results in poor oncological outcomes [7, 8] . Albumin and globulin are two major constituents of human serum total protein. Albumin not only reflects patient nutritional status but is also associated with systemic inflammation [9] . Hypoalbuminemia has been reported to be an independent risk factor of poor survival in UTUC patients [10] . On the other hand, globulin plays an important role in immunity and inflammation and serves as a carrier of sex hormones. Previous studies identified the preoperative albumin to globulin ratio (AGR) as a simple and useful predictive biomarker for evaluation of prognosis in several cancers [11] [12] [13] [14] . Therefore, we speculate that preoperative AGR impacts the clinical outcomes of UTUC. To date, the prognostic value of AGR in UTUC has not been discussed. In the present study, we evaluated the prognostic value of preoperative AGR for predicting survival in patients with UTUC.
Materials and Methods

Study design and population
We retrospectively reviewed clinical data for 211 patients who were diagnosed with UTUC and received RNU from January 2006 to December 2008 at our center. To clarify, a pending related manuscript using the same cohort of patients was also submitted to PLOS ONE (PONE-D-15-26450). All patients underwent cystoscopy, ultrasound, computer tomography/magnetic resonance imaging, and/or ureteroscopy with tissue biopsy before RNU. The exclusion criteria were as follows: patients without complete laboratory test information, especially AGR; those with liver disease, autoimmune disease or multiple myeloma; those treated with conservative surgery instead of RNU; and those who received preoperative chemotherapy. Overall, 187 patients with complete follow-up information were included in the analyses. The data of patient demographic features, past and personal histories, clinicopathologic characteristics, laboratory test results, treatment methods and survival status were collected from a database containing comprehensive medical records for UTUC patients. The tumors were staged based on the 2002 Union for International Cancer Control (UICC) TNM classification system. Tumor grading was assessed according to the World Health Organization (WHO) 2004 grading system. AGR was calculated as AGR = albumin/(total protein-albumin). The glomerular filtration rate (GFR) was calculated using the CKD-EPI equation [15] . CKD stages were classified according to GFR (mL/min/1.73 m 2 ) measured before surgery for UTUC as stage 5 (GFR <15 or renal replacement therapy), stage 4 (GFR: [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] , stage 3 (GFR: 30-59), stage 2 (GFR: 60-89) or stage 1 (GFR 90). Patients were followed every 3 months for the first 2 years after RNU and annually thereafter. The follow-up assessments included routine blood and serum chemistry studies, cystoscopy, chest x-rays, and ultrasound/computed tomography/magnetic resonance imaging. The co-primary endpoints of the study were all-cause and cancer-specific deaths. Overall survival (OS), cancer-specific survival (CSS), intravesical recurrence-free survival (IRFS) and contralateral recurrence-free survival (CRFS) periods were calculated from the date of RNU to the date of all-cause death, cancer-specific death, and intravesical and contralateral recurrence. The causes of death were determined by reviewing death certificates or by the treating clinician. Intravesical and contralateral recurrences were diagnosed by postoperative pathology. This study was approved by the institutional ethics committee of Peking University First Hospital. As a retrospective analysis of routine data, a waiver of written informed consent was granted from the ethics committee. Patient records/information was anonymized and de-identified prior to analysis.
Statistical analysis
Continuous variables are presented as median (IQR) and were comparatively analyzed using the independent-samples t test or Mann-Whitney U test. Categorical variables are presented as frequencies and percentages and were analyzed using the chi-squared test or Mann-Whitney U test. The associations of AGR with inflammatory markers (including leukocyte, neutrophil and platelet counts) and GFR were examined by correlation analysis. OS, CSS, IRFS and CRFS were analyzed using the Kaplan-Meier method and log-rank test. A univariate analysis was performed for each variable that may predict mortality using a Cox regression model. Then, the statistically and clinically significant variables were analyzed using a multivariate Cox regression model. If continuous variables were statistically significant, they were further analyzed as binary variables. Albumin and serum total protein were excluded, as they were used in the calculation of AGR. The optimal cutoff value for AGR was determined by applying receiver operating curve (ROC) analysis, as previously described [16] . The threshold that best discriminated between survival and all-cause death (in terms of sensitivity and specificity) was used, allowing us to treat AGR as a dichotomous variable. All statistical analyses were performed using the IBM Statistical Package for Social Sciences (SPSS) version 20.0. A result was considered statistically significant with a P value of <0.05.
Results
Characteristics of the entire cohort
Demographic and clinicopathologic characteristics of the 187 patients, including 85 (45.5%) males and 102 (54.5%) females, are summarized in Table 1 . The median (IQR) age of all patients was 70 (61-74) years, and the median follow-up duration was 78 (32-92) months. The median preoperative AGR was 1.50 (1.30-1.70), and an optimal cutoff of 1.45 was determined according to the ROC analysis (Fig 1) . Based on the 2002 UICC TNM classification system, 147 (78.6%) patients had localized disease (pTa-2), 40 (21.4%) had advanced disease (pT3-4), and 8 (4.3%) were pathologically proven to be N + ; furthermore, no distant metastases were found at initial diagnosis for any of the study subjects. According to the WHO 2004 grading system, 42 (22.5%) and 145 (77.5%) cases were diagnosed as low and high grade, respectively.
Association of preoperative AGR with clinical characteristics
This cohort was divided into two groups using the AGR cutoff of 1.45. There were no significant differences between the two groups in terms of smoking history, previous or synchronous BUC, surgical procedure, multifocality, tumor architecture, pathological T stage or lymph node status (P > 0.05). However, the low AGR group was significantly associated with old age (P = 0.028), female gender (P = 0.002), hydronephrosis (P = 0.031), low preoperative GFR (P < 0.001), and high preoperative CKD stage (P < 0.001), ASA score (P = 0.002) and tumor grade (P < 0.001). Additionally, the correlation analysis showed that AGR was negatively correlated with leukocyte, neutrophil and platelet counts (P = 0.023, P = 0.044 and P = 0.016, respectively) (Fig 2) . ±3.4% and 90.6±2.3%%, respectively. The patients with an AGR < 1.45 had significantly poorer OS and CSS (P < 0.001 and P = 0.008) than those with an AGR 1.45 in the KaplanMeier survival analysis (Fig 3) . For the patients with an AGR < 1.45 and 1.45, the 5-year OS rates were 37.8±5.7% and 78.0±4.0% and the 5-year CSS rates were 64.8±5.8% and 80.6±3.8%, respectively. Nevertheless, there were no significant differences in IRFS (P = 0.106) or CRFS (P = 0.724) between the two groups (Fig 3) . The univariate analysis revealed that preoperative AGR was a statistically significant indicator of OS and CSS; therefore, a multivariate analysis for OS and CSS was performed to determine various prognostic indicators ( Table 2 The results showed that AGR was an independent prognostic indicator of both OS and CSS (P = 0.002 and P = 0.015, respectively). Gender and pathological T stage were also identified as independent prognostic indicators of OS and CSS. Furthermore, age and preoperative CKD stage were independent predictive factors of OS, and ureter involvement was a statistically significant indicator of CSS.
Association of preoperative AGR with survival
Finally, patients with no or one independent risk factor were classified as the low-risk group, patients with two independent risk factors were classified as the moderate-risk group and patients with three or more independent risk factors were classified as the high-risk group. The results of the Kaplan-Meier survival analysis for OS and CSS with risk stratification are illustrated in 
Discussion
Our results showed that preoperative AGR is significantly associated with OS and CSS in patients with UTUC. After adjusting for cofounding factors in the Cox proportional hazard multivariable analysis, the independent predictive value of AGR remained. Patients with low preoperative AGR (<1.45) suffered a poorer OS and CSS than those in the high AGR group (1.45), although IRFS and CRFS were comparable between the two groups. Previous studies have evaluated the prognostic value of preoperative AGR in several malignancies (Table 3) . To our knowledge, this is the first study to demonstrate the prognostic significance of preoperative AGR in patients with UTUC. In the present study, AGR was calculated as AGR = albumin/(total protein-albumin), and it reflected both malnutrition and systemic inflammation in UTUC patients. As a major and CSS stratified by independent risk factors by multivariate analysis (low-risk: no or 1 independent risk factor; moderate-risk: 2 independent risk factors; high-risk: 3 or more independent risk factors).
doi:10.1371/journal.pone.0144961.g004 Table 3 . Previous studies evaluating the predictive value of AGR in other cancers.
Reference Cohort Grouping method/AGR threshold Findings
Azab et al. [11] 651 patients with colorectal cancer Divided into 3 equal tertiles according to the 33rd and 66th AGR percentile.
AGR<1.028 had a significant higher 4-year mortality compared to AGR 1.028-1.321 and AGR>1.321 (42 vs. 19 and 7%, P<0.0001).
Azab et al. [12] 354 patients with breast cancer Divided into 3 equal tertiles according to the 33rd and 66th AGR percentile.
AGR>1.45 predicted a lower 5-year mortality rate compared with AGR 1.21-1.45 and AGR<1.2 (6% vs. 18% and 32%, P<0.001).
Du et al. [13] 694 patients with nasopharyngeal carcinoma AGR = 1.4 which best discriminated good and poor distant metastasis-free survival among all possible thresholds tested AGR <1.4 was an independent predictor of poor OS (P = 0.029) and distant metastasis-free survival (P = 0.033) on multivariate analysis.
Duran et al. [14] 240 patients with lung adenocarcinoma Divided into 3 equal tertiles according to the AGR values.
The high and moderate AGR tertiles showed higher survival rates than the low AGR tertile (P<0.0001).
AGR, albumin-globulin ratio; OS, overall survival.
element of serum total protein, albumin may affect cancer through several mechanisms. Albumin has an antioxidant effect against carcinogens (e.g., nitrosamine and aflatoxin), stabilizes cell growth and DNA replication, and buffers sex hormone homeostasis to prevent sex hormone-induced malignancy [17] . Laursen I et al [18] reported that albumin inhibits the proliferation of human breast cancer cell lines by modulating the activities of autocrine growth regulatory factors in vitro. On the other hand, malnutrition and systematic inflammation have been shown to suppress albumin synthesis, even leading to hypoalbuminemia (<35 g/L) [19, 20] . Malnutrition, which is reflected by reduced albumin, weakened several human immune defense mechanisms, which decreased the response to treatment in cancer patients [21, 22] . Recently, several studies demonstrated that hypoalbuminemia was more attributed to systematic inflammation than malnutrition in dialysis patients [23, 24] . In the process of cancerrelated systemic inflammation, tumor cells and immune cells release a variety of cytokines and growth factors (e.g., interleukin-1β, interleukin-6 and tumor necrosis factor), which modulate the production of albumin and also facilitate tumor progression, subversion of the host immune response, and resistance to cytotoxic drugs [9, 17, [25] [26] [27] [28] . Serum albumin has been used to evaluate prognosis of numerous cancers, including UTUC, and the results of those studies have been fairly consistent: lower serum albumin is an independent predictor of poorer clinical outcome [10, 27] . Non-albumins (total protein-albumin) consist of various proinflammatory proteins, including CRP, complement components and immunoglobulins. Previous studies have shown that an increased preoperative CRP level predicts a poor survival in patients with UTUC [29, 30] . Furthermore, high alpha and gamma globulin levels were shown to be associated with poor survival in lung cancer patients, and high complement 3 and IgA levels were shown to predict poor prognosis in patients with colorectal cancer [31, 32] . Preoperative systemic inflammation has been reported to be associated with poor survival in several cancer types [33, 34] . Many preoperative parameters of systemic inflammation, including CRP, white blood cell count, neutrophil count, neutrophil-lymphocyte ratio and erythrocyte sedimentation rate, have been shown to predict survival in patients with UTUC [30, [35] [36] [37] . AA, which has been shown to be highly associated with both CKD and UTUC in China, was reported to induce an inflammatory response and to increase the expression of various proinflammatory genes, including interleukin-1β and tumor necrosis factor, in zebrafish embryos [38, 39] . CKD, which is a common complication in Chinese UTUC patients, has been shown to be associated with a complex state of immune dysfunction that results in chronic inflammation. Additionally, the correlation analysis in our study showed that AGR was negatively correlated with leukocyte, neutrophil and platelet counts, making it a reliable parameter to reflect inflammation, which was consistent with previous studies on the prognostic value of AGR in several other cancers [11] [12] [13] . All of these findings lead us to conclude that systemic inflammation plays a vital role in patients with UTUC and that this enhances the predictive value of AGR, especially in the Chinese population.
We believe that both malnutrition and systemic inflammation negatively affect the oncological outcome of patients with UTUC. AGR, a combinatorial measure of serum albumin and non-albumins, reflects the two above-mentioned adverse states, which makes it a more powerful prognostic predictor than albumin alone. In addition, AGR is not affected by dehydration or fluid retention, whereas albumin concentrations vary with these physiologic and pathologic conditions. Therefore, we believe that AGR is superior to serum albumin as a prognostic indicator with low cost, easy application and broad availability. In addition, AGR can be used in the establishment of a pretreatment risk stratification model in the future, which will assist clinicians in selecting UTUC patients who are candidates for neo-adjuvant therapy.
In the present study, an ideal cutoff value for AGR of 1.45 was determined according to the ROC analysis, which was close to the ideal cutoff value reported in a previous study on nasopharyngeal carcinoma (1.4) [13] . The use of different AGR cutoff values in a particular cohort of UTUC patients may lead to different results of the survival comparisons; therefore, an optimal and generalizable AGR threshold for UTUC needs to be determined. This study was limited by the inclusion of a single center, the short follow-up duration, and its retrospective design. In addition, the levels of many specific inflammatory markers, such as CRP, interleukin and tumor necrosis factor, were unavailable, and therefore, their association with AGR and oncological outcome in patients with UTUC could not be examined. However, within the limitations of an early-phase study for biomarker assessment, our findings suggest that AGR is a potential prognostic indicator of long-term survival in UTUC. Further analyses of larger UTUC cohorts are needed to evaluate the value of AGR as a prognostic marker in UTUC and may serve to improve current risk stratification methods and treatment outcomes in this group of patients.
In conclusion, low AGR was found to be associated with female sex, high preoperative CKD stage and tumor grade in patients with UTUC. In addition, AGR was found to be an independent significant predictor of both OS and CSS in this cohort. These findings suggest that preoperative AGR is a promising blood-based biomarker that will improve the prediction of UTUC outcomes and assist clinicians in therapeutic decision-making. We raised two hypotheses regarding the potential association between AGR and AA exposure in UTUC patients. Further prospective studies are warranted to validate our findings. 
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